Networks of coupled resonators are an ubiquitous concept in physics, forming the basis of synchronization phenomena, 1 metamaterial formation, 2 nonreciprocal behavior 3 and topological effects. 4 Such systems are typically explored using optical or microwave resonators.
pling mechanism is readily scalable to large arrays of nanopillars, enabling all-mechanical resonator networks for the investigation of a broad range of collective dynamical phenomena.
In recent years, arrays of coupled macroscopic mechanical resonators have been employed to demonstrate topologically protected transport of mechanical excitations. [7] [8] [9] [10] In principle, the underlying concept can be readily transferred to nanoscale implementations, 11, 12 offering the advantage of straightforward on-chip integration. However, sufficiently strong nearest-neighbor coupling is difficult to achieve with nanomechanical resonators, and nanoscale topologically protected transport has to date only been achieved using phononic crystal architectures 13 or parametric coupling. 14 Similarly, nanomechanical implementations of nonreciprocal signal transduction through resonator arrays rely on parametric coupling 15 or optomechanical interactions, [16] [17] [18] and the synchronization of nanomechanical resonators is either based on external feedback 19 or mediated by an optical radiation field. 20 In contrast, intrinsic mechanical coupling between adjacent nanomechanical beam or string resonators has been reported and relies on the strain distribution in a shared clamping point. [21] [22] [23] In a related approach, the membranes constituting the building blocks of nanomechanical phonon waveguides exchange energy through physical connections. 24, 25 Here, we translate the concept of strain-induced intrinsic coupling to vertically oriented nanomechanical pillar resonators sharing the same substrate. [26] [27] [28] [29] We consider a pair of inverted conical nanopillar resonators like the one displayed in Fig. 1a . The pillars are etched into a (100)
GaAs substrate using reactive ion etching 6 and feature eigenfrequencies in the range of a few 2 megahertz. The fundamental flexural eigenmode of each of the pillars exhibits two orthogonal polarization directions with slightly different eigenfequencies as a result of fabrication imperfections. 29 With respect to the indistinguishable <100> crystal directions, these modes will in the following be referred to as 'horizontal' (H) and 'vertical' (V) polarization (see Fig. S1 ). In total the pillar pair has four eigenmodes, which are correspondingly labelled LH, LV, RH, and RV for the left (L) and right (R) pillar, respectively.
Measurements are performed in vacuum < 10 −4 mbar and at room temperature using piezoactuation, while the response of the nanopillars is read-out by scanning electron microscope imaging 30 or by optical detection, 26 focusing a laser with λ = 635 nm wavelength onto the head of one nanopillar and detecting the vibration-induced modulation of its reflection.
To evaluate the stress distribution in the substrate, we perform finite element simulations as displayed in Fig. 1b and c. Figure 1b suggests a significant stress overlap between the two pillars, indicating that the structural features in the interjacent area will affect their coupling. Therefore, the geometry of this part of our model reflects the realistic pillar geometry and features a narrowing mesh as highlighted in Fig. 1c . Overlapping stress profiles are found for d 4r. The pillar separations of the investigated samples have been chosen accordingly.
We first investigate a nanopillar pair with bottom radius r ≈ 310 nm, height H ≈ 7 µm, and center-to-center distance d ≈ 1.3 µm. The taper angle of 1.1°is the same for all nanopillars discussed in this work. The nanopillar pair is driven at frequency f drive in a scanning electron microscope, allowing to image the resulting envelope of its mechanical vibration. In total, we find four well separated vibrational modes with no spectral overlap (see increasing coupling when the center-to-center distance of the two nanopillars is decreased. This is a typical signature of strain coupling, 32 and in agreement with the measurements in Fig. 4a .
Furthermore, our simulations predict an increasing coupling strength with the bottom radius of the two nanopillars (Fig. 4c) , as a consequence of the strain caused at the pillar foot upon its deflection, and the experimental data in Fig. 4a clearly reflects this behavior. Finally, the simulations show a decrease of the coupling strength with the height of the pillars (Fig. 4d) , again in consequence of the resulting strain profile. The dependence on the height, however, can not clearly be established and we display vertical ( ) and horizontal ( ) modes.
